Objective: To assess the influence of different agitation protocols on the penetration of an endodontic irrigating solution into dentinal tubules. Materials and Methods: Forty extracted single-rooted human teeth were cleaned and shaped using nickel-titanium instrumentation with intermittent irrigation. Final rinse was performed using 5% sodium hypochlorite labeled with 0.2% alizarin red dye. Specimens were randomly assigned to four groups (n = 10), namely, control group (no agitation), K-file group, EndoActivator group, and endosonic group. Specimens were then sectioned at 2, 4, and 6 mm from the apex in 40 µm thick sections and prepared for fluorescence microscopy at ×100. Irrigation penetration was analyzed using Kruskal-Wallis analysis of variance followed by post hoc comparisons. Results: Groups were ranked in the following order: control (no agitation) ~K-file < EndoActivator < endosonic. Conclusion: Ultrasonic agitation increases penetration of endodontic irrigant into the dentinal tubules.
INTRODUCTION
Successful outcome of endodontic treatment is dependent on thorough removal of infected/necrotic pulp tissue, microorganisms, and their toxin products. [1] This can be achieved by chemomechanical debridement of canals. However, intricate nature of root canals, severe complexities, and numerous variations in number and shape of canals poses serious challenges to chemomechanical debridement efforts. [2] [3] [4] Irrigation is an indispensable aid to mechanical preparation as it allows for cleaning in areas such as cul-de-sacs, isthmus, fins, and lateral canals which are not accessible to cleaning even after the use of contemporary endodontic file systems. [5, 6] Among the irrigants in use, sodium hypochlorite (NaOCl) is the most commonly used and offers the advantage of not only dissolving the necrotic tissues and organic component of smear layer but also deactivating endotoxins as well as killing endodontic microorganisms present in biofilms and dentinal tubules. [7] [8] [9] [10] To enhance the effectiveness of irrigants, constant efforts are made to improve on irrigant delivery methods and different agitation protocols have been proposed. [11] [12] [13] The aim of this study was to evaluate the penetration depth of 5% NaOCl into dentinal tubules while using different agitation protocols.
MATERIALS AND METHODS
A study protocol was designed and approval was obtained from the University Ethical Committee. Forty recently extracted single-rooted human teeth with noncurved canal were selected for the study (n = 40). Teeth shorter than 20 mm, with open apex, or teeth with caries or fractures were Effect of different methods of agitation on penetration of an endodontic irrigant excluded from the study. All teeth were used within 1 month of extraction and sterile saline was used as the storage medium.
Crown structure 2.0 mm coronal to cementoenamel junction was removed using a saw with copious irrigation. A standardized canal instrumentation protocol was established. [14] Working length was established using a size 10 K-file. The file was inserted till it is seen through the apical foramen and 0.5 mm was deducted from it to arrive at the appropriate working length. Nickel-titanium rotary instruments (ProTaper, Dentsply Maillefer, Ballaigues, Switzerland) were used to shape the canals. The last file used at working length was F3. During instrumentation, irrigation was performed with 5% NaOCl using a 30-gauge endodontic needle (Perio/Endo Irrigation Needle, Biaggio, Switzerland). Following irrigation, 3 mL of 17% ethylenediaminetetraacetic acid was used for 2 min to remove smear layer followed by 3 mL of sterile saline.
The prepared teeth were randomly assigned to four groups (n = 10 for each group). The groups included: control group (no agitation), K-file group, EndoActivator (Dentsply Tulsa Dental Specialties, Tulsa, OK, USA) group, and endosonic group (Passive Ultrasonic IrriSafe, Satelec Acteon Group, Merignac, France). Wax was used to cover the apical foramen from outside to prevent irrigant from dripping out of the apex. A gutta-percha cone at working length was used to prevent wax from blocking the apex while setting. The cone was removed once the wax had set. Five milliliter of 5% NaOCl labeled with 0.2% alizarin red was used to perform the final rinse, using the 30-gauge endodontic needle keeping it 5 mm short from the working length. Each group had a different agitation protocol during final rinse.
No agitation was performed for the control group. Thus, control group was comprised 5% NaOCl with 0.2% alizarin red without activation. The K-file group included agitation with a size 10 K-file. As a part of agitation protocol, twenty up and down movements were performed up to the working length. The EndoActivator group included agitation at 10,000 cpm for 20 s. Finally, the endosonic group comprised agitation at power setting at 5 for 20 s.
Following the agitation protocol, canals were dried using paper points and each specimen was cut into three 1 mm thick slabs at 2, 4, and 6 mm from the apex. Approximately 40 µm thick ground sections were prepared by grinding with wet silicon carbide paper. A fluorescence light microscope at ×100 with a wavelength of 540-570 nm was used to examine the slides [ Figure 1 ]. The slides were scored to assess the penetration of the irrigant solution into the dentinal tubules. According to the set criteria, [14] specimens with no visible alizarin red staining were assigned score 0, specimens with minor traces of alizarin red were assigned a score of 1, specimens with traces of alizarin red along the entire length of intra-radicular surface were assigned score 2, while score 3 and 4 were assigned to specimens with penetration of alizarin red in <50% and >50% tubules, respectively.
Statistical analysis was performed using Kruskal-Wallis analysis of variance followed by Mann-Whitney U-test to reveal differences among the groups.
RESULTS
The efficacy of different agitation protocols was assessed in terms of irrigant penetration in the dentinal tubules using alizarin red dye at 2, 4, and 6 mm [ Table 1 ]. The statistical evaluation of intergroup difference showed that there was no statistically significant difference between control group and K-file group at 2, 4, and 6 mm, while EndoActivator and endosonic showed statistically significant difference as compared to control and K-file at 2, 4, and 6 mm. The difference between EndoActivator and endosonic was not significant at 6 mm level [ Figure 2 ].
DISCUSSION
A combination of mechanical instrumentation and chemical irrigation has been found to accomplish reduction of the bacterial counts in infected root canals. Factors such as volume of irrigant, time of application, and method of activation of irrigating solutions are important but no consensus exists on them. [15, 16] Technological advances in In the present study, influence of various agitation techniques on depth of penetration of 5% NaOCl used as irrigant was assessed at 2, 4, and 6 mm from the apex by labeling it with alizarin red dye and tracing it fluorescence microscopy. Alizarin red is a fluorescent organic compound widely used for quantifying calcific deposition. The use of an irrigant in conjunction with ultrasonic vibration directly influences the cleaning efficacy of the canal space. [18] Mechanical agitation or fluid flow is more important determining factors in the ability of NaOCl to dissolve tissue than the initial percentage of available active chlorine. [19] This could reduce the time needed for the antimicrobial efficacy of the irrigating solution.
recent times have led to the development of newer agitation devices that depend on various mechanisms for irrigant delivery and agitation. [12, 14, 17] Agitation techniques have been broadly divided as manual and mechanical or machine The results from the present study showed endosonic agitation to be the best at all the three levels, i.e., 2, 4, and 6 mm. Studies have shown that passive ultrasonic irrigation is more effective in removing remnants of pulp tissue, dentin debris, and planktonic bacteria. [20, 21] Hydrodynamic activation improves penetration, circulation, and flow of the irrigant into the inaccessible regions of the root canal system. Although ultrasonic energy generates higher frequencies than sonic devices, both techniques may clean the canal system to a similar degree when sonic irrigation is applied for a longer time. [12] The present study examined dye penetration into dentinal tubules followed by smear removal, and therefore, it is imperative that the ultrasonic agitation techniques produced better results. Further studies with larger sample size should be conducted to determine the optimal concentration of NaOCl to kill microorganisms without extracting collagen from dentin and the effect of different agitation techniques on the "debris score."
CONCLUSION
Within the limitations of the present study, it can be concluded that ultrasonic agitation increases penetration of endodontic irrigant into dentinal tubules.
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